Background. This study examines trends in the presentation and surgical management of acute diabetic foot problems in a single institution. Method. Prospective audit of all diabetic patients who had a primary procedure for critical lower limb ischaemia (CLI) and/or foot sepsis between 1st January 1990 and 31st December 2002. Primary and secondary intervention, mortality and limb salvage rate within 6 weeks of the index procedure were recorded. Results. There were 661 patients (417 men and 244 women of median age 69, range 31-99, years) with 799 affected limbs. CLI alone was present in 625 (78%) limbs, combined CLI and foot sepsis in 53 (7%) and foot sepsis alone in 121 (15%). The primary intervention was minor amputation in 323 (40%) limbs, revascularisation in 288 (36%), major amputation in 185 (23%) and sympathectomy in three limbs. Within 6 weeks, 125 (16%) limbs required secondary intervention, the periprocedural mortality rate was 38 of 924 (4%), and the limb salvage rates for patients with CLI, combined CLI and sepsis and sepsis alone were 66, 66 and 80%, respectively. There was a significant decline in the proportion of patients presenting with CLI alone and a significant increase in the proportion presenting with combined CLI and sepsis and sepsis alone. In patients with CLI alone, there was a significant increase in the primary major amputation rate and a significant decline in the minor amputation rate with no significant change in the revascularisation rate.
Introduction
Foot problems affect 15% of all diabetics and are the commonest cause for hospitalisation in this group of patients. 1 Critical limb ischaemia (CLI), infection or a combination of both are the principal patterns of acute presentation. Prompt control of infection by radical local foot surgery is the cornerstone of emergency treatment if major limb amputation is to be avoided. In patients with CLI or combined CLI and sepsis, an aggressive approach to arterial revascularisation has been shown to be associated with a reduction in the rate of major and minor amputations. 2, 3 Over the past three decades in Australia, there has been a significant decline in the incidence of symptomatic cardiovascular disease possibly due to a decline in the natural history, reduction in risk factors and advances in pharmacotherapy. 4 As life expectancy increases, however, so the prevalence of diabetes and its complications are increasing. 5 This study examines trends in the presentation and surgical management of acute diabetic foot problems in a consecutive series of patients presenting to a single institution over a 13year period.
Methods
A prospective computerised vascular data-base was interrogated to identify all patients with diabetes mellitus who underwent primary surgical or endovascular intervention for CLI and/or foot sepsis in the Royal Adelaide Hospital (RAH) during the 13-year period between 1st January 1990 and 31st December 2002. The RAH is the major referral centre for vascular surgical emergencies for South Australia (approximately 1.5 million people in a catchment area of approximately 985,000 km 2 ) and adjacent areas in the states of Victoria, New South Wales and the Northern Territory. During the study period, all patients referred to this hospital with diabetic foot problems were managed by the vascular surgical service. There were no changes in referral patterns during the study period. Patients with acute limb ischaemia, aneurysmal disease or pseudoaneurysms, and those who had primary surgical or endovascular intervention before January 1990 were excluded from analysis.
The following clinico-pathological data were retrieved: age and sex, co-morbidity, clinical presentation (CLI alone, combined CLI and sepsis, sepsis alone), primary intervention; and secondary intervention, peri-procedural mortality and limb salvage within six weeks of the index procedure.
CLI was defined as the presence of rest pain, ulceration or gangrene for more than 2 weeks duration with evidence of significant arterial disease identified by angiography. In the absence of palpable foot pulses, ankle:brachial pressure index (ABPI) was measured. If ABPI was elevated O0.5 then toe blood pressure measurements or skin perfusion studies were performed. 6 If there was evidence of significant CLI from ABPI, toe blood pressure measurements and skin perfusion studies, and revascularization was considered appropriate, then digital subtraction angiography was performed. Other non-invasive imaging modalities such as duplex ultrasonography, computed tomographic angiography and magnetic resonance angiography were not used routinely in this institution during the study period.
Minor limb-sparing amputation was defined as debridement of dead or infected tissue, amputation of one or more digits, and transmetatarsal amputation. Major limb amputation was defined as below knee amputation (BKA), through knee amputation (TKA) and above knee amputation (AKA).
Statistical analysis
The chi-square test and Fisher's exact test were used, where appropriate. Simple linear regression was used to determine trends in the numbers of patients with each clinical presentation (CLI, sepsis or combined CLI and sepsis) and the number of patients with CLI undergoing each primary intervention (minor limbsparing amputation, major amputation or revascularisation). Chi-square test for trends of proportions was used to determine trends in the percentage of patients with each clinical presentation and the percentage of patients with CLI undergoing each primary intervention.
Results
There were 661 patients (417 men and 244 women of median age 69, range 31-99, years) with 799 affected limbs. 197 patients had type I and 464 had type II diabetes. 325 (49%) patients had other significant comorbidity ( Table 1 ). The indication for primary intervention was CLI in 625 (78%) limbs, combined CLI and foot sepsis in 53 (7%) and foot sepsis alone in 121 (15%) limbs. The number of patients presenting each year was variable over the study period and there was no evidence of a significant trend. However, from 1994 onwards, there was a significant decline in the number (bZK5.2, p!0.001) and proportion (p!0.001) of patients presenting with CLI alone. Furthermore, from 1996 onwards, there was a significant increase in the number (bZ2.1, p!0.05) and proportion (p!0.001) of patients presenting with combined CLI and sepsis, and the number (bZ3.9, p!0.05) and proportion (p! 0.001) presenting with sepsis alone (Fig. 1) .
The primary intervention was minor limb-sparing amputation in 323 (40%) limbs, surgical revascularisation in 239 (30%), endovascular revascularisation in 49 (6%), major limb amputation in 185 (23%) and surgical lumbar sympathectomy in three limbs. Primary revascularisation procedures are shown in Table 2 . Minor amputation was performed under the same anaesthetic in 18 of 188 (10%) infra-inguinal bypass procedures. In patients presenting with CLI alone, there was a significant increase in primary major amputation rate (p!0.01) and a significant decline in the primary minor amputation rate (p!0.01). There was no significant difference in the proportion of patients whose primary treatment was revascularisation ( Fig. 2 ). In patients with CLI alone, endovascular techniques were employed in 41 of 166 (25%) limbs between 1990 and 1995 compared with 6 of 109 (6%) limbs from 1996 onwards.
Secondary intervention was required within 6 weeks of the index procedure in 125 (16%) limbs (Figs. [3] [4] [5] . Major amputation was required after 14% (46 of 323) of minor amputations. Secondary revascularisation was performed after 7% (15 of 214) of minor amputations for CLI or combined CLI and sepsis. The early failure rate for endovascular intervention was 27% (13 of 49) and for surgical revascularisation was 15% (37 of 239) (pZ0.06). At six weeks, the mortality rate was 38 of 661 (5.7%) patients and 38 of 924 (4%) procedures. There was no significant difference in procedural mortality rate for primary amputation (minor and major) compared to primary revascularisation (5.5%, 28 of 508 vs. revascularisation: 3.5%, 10 of 288; pZ0.19). The 6-week secondary limb salvage rate for all revascularisation procedures was 92% (265 of 288). The 6-week limb salvage rate was: 66% (412 of 625) for CLI, 66% (35 of 53) for combined CLI and sepsis, and 80% (97 of 121) for sepsis alone (pZ0.002).
Discussion
The present study demonstrates that there has been a significant change in the clinical presentation of acute diabetic foot problems in our practice over the 13-year period. CLI remains the predominant indication for intervention but there has been a progressive decline in its presentation since the mid-1990s with a greater proportion of patients presenting with an element of foot sepsis either in isolation or in combination with ischaemia. These findings are consistent with the declining incidence of symptomatic cardiovascular disease that has been observed in Australia over the past three decades. 4 One can speculate that the declining incidence of fatal cardiovascular events and resultant increased life-expectancy of diabetic Fig. 1 . Trends in the clinical presentation of the acute diabetic foot between 1990 and 2002. patients may contribute to the increasing incidence of diabetic foot sepsis. 5 With increasing longevity, there is likely to be an increase in the prevalence and severity of the chronic sequelae of diabetes including peripheral neuropathy which is present in over 80% of diabetic patients with foot lesions and is one of the most important risk factors for the development of foot sepsis. 1, 7 During the 1970s and 1980s, specialist centres in the USA observed a fall in the major and minor amputation rate in association with an increase in the revascularisation rate in diabetic patients, on the background of a consistent pattern of clinical presentation. 2, 3 The present study demonstrates that, in patients with CLI alone, there has been a significant increase in the primary major amputation rate with a fall in minor amputation rate and no change in the revascularisation rate. Considerable experience in the use and interpretation of toe pressure measurements and skin perfusion studies 6 has had an important role in achieving excellent early results after minor amputation in patients with CLI in our institution: revascularisation was considered unnecessary for healing of minor amputations in 30% of limbs with CLI alone and secondary revascularisation to salvage non-healing minor foot amputations was uncommon (7% of patients with CLI) with only 14% of limbs required major amputation within six weeks. Our results compare favourably with a recent report from the UK, where 40% of limbs required major amputation at a median of 24 days after local foot surgery. 8 In those limbs with sepsis alone, 90% were initially managed by minor amputation and 11% of these progressed to major amputation within 6 weeks. While early limb salvage is good, the long-term outcome in this group of patients is poor. Nehler et al. 9 reported that only 39% of minor amputations in patients with sepsis alone healed without persistent infection at a mean follow-up of 21 months while 23% ultimately required major limb amputation.
In diabetic patients with significant ischaemia, endovascular therapy has been advocated as the first-line method of revascularisation. In our institution, endovascular intervention for lower limb ischaemia has been associated with poor outcome compared with surgery 10 and this has contributed to its relatively infrequent use in diabetic patients with CLI. In the present study, there was a trend toward a higher early failure rate with endovascular compared with surgical revascularisation (pZ0.06). Poor run-off, multiple stenoses and long occlusions are the principal causes of femoro-popliteal angioplasty failure in our experience, 10 and the technical success rate of tibial angioplasty is so poor that revascularisation is often incomplete. The short-term secondary limb salvage rate after revascularisation (either surgical or endovascular) was, however, over 90%. The fact that excellent early limb salvage rates have been achieved with revascularisation and/or minor amputation, and the revascularisation rate has remained unchanged during the study period, suggest that the increase in primary major amputation rate may be due to (a) an increasing proportion of patients presenting with such advanced arterial disease that limb salvage is not possible and/or (b) improved assessment of lower limb perfusion which has helped to minimise speculative attempts at limb salvage. There were no apparent changes in referral patterns or surgical enthusiasm during the study period, which might have contributed to these findings.
The present study has demonstrated that there has been a significant increase in the proportion of patients presenting to this institution with an element of foot sepsis and a significant decline in the proportion presenting with CLI alone. There is a significant variation in the presentation and management of diabetic foot complications in Australia. In the present study, ischaemia was present in 85% of limbs and 45% of these underwent revascularisation within 6 weeks. This compares with Darwin in the Northern Territory, where ischaemia was present in only 37% and revascularisation was performed in 30%. 11 Further research is, therefore, required to determine whether similar trends to those observed in our practice have occurred in other communities, as this will have obvious implications for future vascular surgical practice. The principal limitation of the present study is the relatively short follow-up. The Royal Adelaide Hospital covers such a wide geographical catchment area that reliable longer follow-up was not possible. While this short-term follow-up provides insight into the need for early major amputation, it is inevitable that patient survival and limb salvage rates will only deteriorate in the intermediate to long-term. 9, 12 Optimal management of patients with diabetic foot complications should consist of a clear protocol for assessment and management, expeditious intervention and a multidisciplinary approach to assist healing and avoid recurrence. A dedicated multidisciplinary diabetic foot clinic 13 has now been introduced in our institution and it is hoped that the combination of diabetology, podiatry and vascular surgical expertise may reduce the impact of neuropathy and the incidence of septic foot complications in this group of patients.
